Abstract-In this work the problem of synthesizing the excitations of a linear array, clustered into contiguous subarrays of irregular length, is addressed. By suitably exploiting the behavior of clustered array aperture distributions (i.e., step-wise discrete functions), the problem has been formulated as the minimization of the total variation (TV) of the excitations, satisfying a matching condition on a predefined reference pattern. In virtue of the sparse nature of the unknowns, the minimization problem has been solved by means of an efficient total variation compressive sensing (TV-CS) optimization approach. A simple example validating the proposed technique is finally reported.
INTRODUCTION
The use of digital beam-forming networks in phased array antennas permits a real-time electronic control of the beam, enabling a set of advanced attractive functionalities such as beam shaping, fast beam scanning, interferers concealing, and multiple digital beams sensing [1] , [2] . However, until today the high implementative costs of these type of feeding networks forced to limit the use of phased array systems to military and space applications [2] . For this reason, unconventional architectures, such as sparse, thinned and clustered arrays, have been recently proposed [1] - [3] .
In this framework, clustered phased array architectures, are nowadays a good compromise between the antenna performances and the implementative costs of the system [2] - [4] . They allow to reduce the total number of transmission/receive (T/R) modules of the beam-forming network, which is known to have a significant impact on the final cost of the antenna [1] - [3] . However, one of the main drawback of this type of architectures is the high quantization lobes, getting higher when the number of subarrays is much lower than the number of radiating elements. It has been shown [5] , [6] that the periodicity introduced by uniform clustering on the aperture illumination quantization is the main reason of the side-lobe level (SLL) degradation. To overcome this issue, non uniform clustering methods have been proposed in the last years [7] - [9] , based on graph searching techniques [7] , evolutionary algorithms [8] and convex optimizations [9] . Clustering approaches for multiple compromise beams synthesis have also been widely investigated [7] , [10] . Overlapped solutions are proposed in [11] , [12] , and more recently multi-level clustering approaches for wideband large planar and linear arrays have been presented [4] . In order to improve the modularity of the obtained antenna layouts, synthesis methods with constrained sub-arrays sizes have been investigated, considering polyomino-based array tiling approaches for planar arrays [13] , [14] , and random partitioning methods for linear arrays [15] .
Recently, a Compressive Sensing (CS) based technique has been proposed for a modular efficient synthesis of contiguously clustered linear arrays [16] . In the framework of the CS paradigm, this work presents a novel synthesis method for clustered linear arrays. The synthesis is formulated as an optimization problem, constrained to a pattern matching condition, in which the total variation (TV) of the unknown piecewise constant aperture illumination is minimized. As already applied for imaging problems [17] , by profitably exploiting the intrinsic sparsity in the gradient domain of the vector of the unknowns, the synthesis is finally solved by means of an efficient TV-CS-based procedure [18] . and only contiguous clusters are allowed, the vector w turns out to be a piecewise constant function. Accordingly, the gradient of the vector w defined as [17] , [18] :
turns out to be non-null only for elements indexes n that belongs to two different contiguous clusters (the periodic boundary condition In order to solve the TV-CS sparse problem in (5), the deterministic alternating direction algorithm described in [18] , [19] has been applied. Finally, the obtained TV-CS solution is evaluated by means of the following pattern matching measure In Fig. 1(a) the obtained TV-CS solution has been reported as compared to the reference one. As can be seen, the TV-CS excitations show the expected step-like behaviour, which permits to group the elements belonging to the same "step". The array partitioning turns out to be irregular, with modules composed by 1, 3 and 4 elements, allowing to reduce the control points to 9  Q contiguous sub-arrays. Figure 1( . With respect to the state of the art clustering approaches, in this method the number of sub-arrays and/or the clustering configuration are not a-priori fixed, but directly comes as output from the TV-CS synthesis, still guaranteeing the contiguity of the sub-arrays and obtaining the best compromise between the number of clusters and the matching constraints. By relaxing the matching condition, higher clustering ratios can be achieved leaving to the designer the possibility to choose among different trade-off choices. As example, lowering the number of constraints, different solutions can be been obtained. In Fig. 2 a second example has been reported, in which the number of pattern matching samples has been lowered to 60  K . The obtained TV-CS amplitude distribution in Fig. 2(a) 
IV. CONCLUSIONS
In this work a novel synthesis method of clustered linear arrays is presented. The problem has been formulated in a TV-CS framework, by exploiting the sparse nature of the gradient of the unknown excitations vector. A simple example validating the proposed technique has been reported, showing the effectiveness of the TV-CS based methodology and the possibility to handle different trade-off solutions.
